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TDP 按春夏秋冬季节性增长，且整体上九龙江溪流 TP 呈现 IV 类水质。另外，
九龙江磷指标浓度总体呈现农业流域>城市流域>自然流域。源头小流域中，农
业流域龙山溪的各个磷指标浓度最高，且西溪出口郑店的各个磷指标浓度高于北
溪出口浦南。在暴雨径流过程中，溪流磷浓度具有明显变化：TP 和 TPP 浓度随
着水位的上升显著升高。九龙江西溪表层水磷浓度和沉积物 TP 含量空间上均呈
现上游低、下游高的分布格局。沉积物 TP 含量在 143-1516 mg/kg 之间，平均 691 
mg/kg，以 IP 为主要赋存形态，其中又以 Fe/AI-P 为主，并且无论从各形态磷含
量或是百分含量的变化范围来看, 基本呈现 Fe/Al-P>OP>Ca-P。另沉积物 TP 含
量在 10 月最低，3 月最高，与水体中 SRP 浓度季节变化一致。 
九龙江溪流的磷输出(总磷、活性磷酸盐通量)存在相当大的时空差异。研究





















TP、SRP 通量在 8 月达到最高值，3 月最小；北溪各站点单位面积 TP、SRP 通









呈负相关性。沉积物中各形态磷均与水体中磷呈现正相关关系(除 OP 与 TPP 含
量呈现负相关关系)，其中 Ca-P、IP 从沉积物中的释放极大的影响着水体中活性
磷含量；另外水体磷浓度与叶绿素 a 和氯离子呈极显著正相关，与 pH 也呈现正


















Since the fifties and sixties of the 20th century, eutrophication phenomenon has 
been observed in lakes and reservoirs around the world. Phosphorus is often thought 
to be the control factor of primary productivity in freshwater ecosystems (correspond 
to marine ecosystems). Enrichment of phosphorus in surface waters is of great 
concern worldwide given its role in eutrophication and subsequent potential for 
hypoxia, loss of aquatic biodiversity and harmful algal blooms. This study was carried 
out to investigate the land use effect and seasonal hydrologic controls on riverine 
phosphorus export in subtropical sub-watersheds within Jiulong River Watershed 
(JRW for abbreviation), which can provide scientific support for integrated watershed 
management and regional drinking water secrurity in the watershed studied. 
In-situ monitoring, GIS, models and statistical techniques were coupled in this 
study to explore the land use effect and seasonal hydrologic controls on riverine 
phosphorus concentration and export in the JRW. Surface water samples were 
collected monthly from nine headwater sub-watersheds which were classified into 
three types of watersheds (urban, agricultural and natural) and seven mainstream 
sampling sites during the period from March 2015 to February 2017. And sediment 
and overlying water samples were collected in Western Jiulong River for four times a 
year to explore forms and distribution characteristics of sediment phosphorus. Then 
the spatiotemporal variations of rivernie Phosphorus export in the JRW and 
influencing factors were idenified. Finally, we revealed the mechanisms regarding 
spatiotemporal variations of riverine Phosphorus export in the JRW and the 
influencing factors. The major findings of this study are as follows: 
Significant spatiotemporal variations of Phosphorus concentration were observed 
in JRW. All of mean concentrations of Phosphorus parameters (including TP, SRP, 
TPP) were higher in spring and winter, whereas lower concentrations were in autumn 
or summer. For TDP, the mean concentrations were highest in winter and lowerest in 















variations can be discerned among sampling sites. Overall, the Phosphorus 
concentrations were in the following order: agricultural watersheds>urban 
watershed>natural watershed. In terms of nine headwater sub-watersheds, P 
concentrations were highest in Longshan which is an agricultural watershed. P 
concentrations were generally higher in West River reach that those in North River 
reach. In the process of rainstorm runoff, phosphorus concentrations in stream had 
obvious changes: TP and TPP concentrations increased significantly with the rise of 
water level.The spatial pattern of water TP and sediment TP was higher downstream 
and lower upstream. TP in sediments ranged from 143 to 1516 mg/kg with an average 
of 691 mg/kg. Inorganic phosphorus dominated P in sediment, and Fe/Al-bound 
phosphorus shared most of IP. From no matter phosphorus content or percentage of TP, 
the order is Fe/Al-P > OP > Ca-P. In addition, sediment TP in accordance with water 
SRP concentration is lowest in October, and highest in March. 
Phosphorus fluxes in JRW also showed obvious spatiotemporal variations. The 
estimated annual TP flux in the entire watershed in 2015 was 1878 tons, West River 
outlet, namely Zhengdian, accounted for 60% while North River outlet, Punan, 
accounted for 40%, and Longshan stream located in West river has 455.9 tons of TP 
flux, accounted for 40.4% of West River TN annual yield. For Phosphorus export in 
per unit area, Phosphorus export in west river branches were still higher than in north 
river branches, TP yield in Zhengdian was 328.23 kg/km
2∙a, 89.72 kg/km2∙a in Punan. 
TP yield in West River is 3.7 times more than North River, and the Phosphorus output 
is highest in the agricultural watersheds, lowest in the natural watersheds. In addition, 
the Phosphorus fluxes in urban watersheds and natural watersheds (in North river) 
were highest in winter (between December and January), followed by autumn, lowest 
in summer and spring. In agricultural watersheds (in West river), the Phosphorus 
fluxes were highest in summer (in August), then in autumn and winter, lowest in 
spring. In general, P fluxes in the agricultural watersheds were higher than those in 
urban watersheds and natural watersheds. 
The Phosphorus concentrations and fluxes in Jiulong River were affected by the 















analysis between environmental variables and phosphorus concentrations and fluxes, 
there was a negative correlation between the proportion of forest land, bare land and P 
concentrations & fluxes, while there was positive correlations between P fluxes & 
concentrations and the other variables including the primary industry GDP, amount of 
phosphorus fertilizer and livestock, the proportion of agriculture & construction land. 
Moreover, the sediment phosphorus, the physicochemical indicators including Chl-a, 
Cl
-
, pH and T were positive correlated with P flux. 
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总局公布的《2015 年中国环境状况公报》指出，2015 年我国 35.5%的地表水国
控监测断面为Ⅳ、Ⅴ类和劣Ⅴ类水质，31%的国控重点湖库为富营养化水体。浙
闽片河流 45 个国控断面中，Ⅰ类水质断面占 4.4%，比 2014 年下降 2.3 个百分
点；Ⅱ类占 31.1%；Ⅲ类占 53.3%，比 2014 年上升 2.2 个百分点；Ⅳ类占 8.9%，
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量标准，并且平均浓度高于太湖。九龙江流域漳州与厦门取水口处的江东库区
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